The attempt to replace long-lasting chlorinated hydrocarbon insecticides with less-persistent chemicals has led . to increased use of phosphorus containing and carbamate pesticides. Although numerous analytical procedures are available for determining residues of a particular organochlorine and organophosphate pesticide on food products, there are only a few methods for tobacco. There is a great need for a rapid, accurate, and sensitive procedure capable of determining any of a large number of such pesticide residues. The Mills-Onley-Gaither (1) screening procedure for organochlorine pesticide residues has previously been adapted as a screening procedure for organothiophosphate pesticide residues in fruit and vegetables (2) (3) (4) (5) . Methods for carbamates are published (6, 7, 8, 9) , two of them for tobacco. This paper describes the preliminary de.velopment of a general method for the organochlorine pesticides, water-insoluble and water-soluble organophosphorus pesticides, and metabolites derived from the latter. ·
PRINCIPLE
The procedure consists of the following steps. The sample is blended with acetonitrile and filtered. An aliquot of the acetonitrile is diluted with water. The or~anochlorine and some of the organothiophosphate pesticides are partitioned into petroleum ether. The aqueous-layer is reserved for water-soluble compounds.
The petroleum ether solution is purified by chromatography on a Florisil column, eluting with mixtures of petroleum ether, ethyl ether and dioxane. Residues in concentrated eluates are separated by gas chromatography and measured by the microcoulometric system for chlorine and by the thermionic detector for phosphorus.
The residual acetonitrile-water layer is extracted with . methylene chloride. The extract is dissolved in water, filtered and an aliquot of the solution is extracted with methylene chloride. The concentrated solution is taken for gas chromatography with the phosphorus detector.
• Presented at the CORESTA Symposium on Products for Tobacco Treat· ment, Stockholm, September 1968.
For detection of carbamates the sample is blended with methylene chloride in the presence of sodium sulfate and filtered. An aliquot is taken to near dryness, the residue is dissolved in an acid saline solution and filtered. The carbamate pesticide residues are partitioned into methylene chloride. The concentrated extract is subjected to thin-layer chromatography. 
Extraction and Cleanup Organochlorine and Organophosphorus Pesticides
Transfer to a Waring blendor 1.00 g chopped green tobacco or alternatively 25 g ground fermented tobacco soaked for 5 min with So ml H~; add 200 ml acetonitrile and ea. 5 g Hyflo Super Cel. Blend at low speed 2 min, filter mixture through a Buchner funnel, using coarse filter paper and gentle suction, transfer filtrate to a 250 m1 graduated cylinder, and record volume. Then transfer the filtrate to a 1. L separatory funnel; measure 1.00 ml petroleum ether into the same 250 m1 graduated cylinder and add this to the filtrate in the separatory funnel. Shake by vigorous tumbling 1. min; add 1.0 ml saturated NaCl, plus 6oo m:l dist. water, shake again 1. min; after layers separate, draw off the bottom (aqueous) layer; re-extract with 50 ml petroleum ether. Rinse combined petroleum ether layers first with 1.00 ml and then with 50 ml dist. H~, draining off aqueous layer after each rinse. Combine aqueous portions, for further determination of watersoluble organothiophosphate pesticides, cool down to + 5° C. Percolate petroleum ether layer through a plug of anhydrous Na2S04.
Evaporate to approximately 1.0 ml in H20 bath at 35° C under a stream of clean, dry nitrogen. Calculate as follows :
g Sample equivalent = g sample taken x (ml acetonitrile filtrate)hSo ml, assuming the tobacco con-
20S
tains ea. S5 °/o moisture, without or with added water (factor of 2So allows for 5 m1 volume contraction).
Florisil Column Cleanup
(Note: After preparation of the Florisil column, complete the elution without delay, not letting the column become "solvent-free" and guarding against addition of any moisture.) Pack chromatographic tube (a) with 1.0 g activated Florisil (g) so it is ea. 40 ± 4 mm high after gentle tapping (do not use tamping rod); top Florisil layer with ea. 20 mm anhydrous Na2S04. Place a receiver under the column, and prewash column with 2o-3o ml petroleum ether; after last of the solvent has just sunk into the Na2S04 layer, transfer petroleum ether concentrate to column; let it pass through, adjusting column flow rate to 5--'l ml/min with stopcock. Rinse container and Na2S04 with two ea. 5 m1 portions petroleum ether, pour rinsings into column, rinse walls of tube with additional small portions petroleum ether, and after the last rinse has just s~nk into the Na2S04 layer, replace receiver containing prewash with a clean 250 m1 flask and elute the pesticides with 200 m1 eluting mixture (h, 1.). Change receiver and elute with 1.00 ml solvent (h, 2). Concentrate eluates to ea. 2 ml in a H20 bath at 35° C under a stream of clean, dry nitrogen, combine and transfer eluates quantitatively to a small tube (a 1.5 ml glass-stoppered conical centrifuge tube is convenient}, evaporate just to dryness, and dissolve residue with a known volume of methyl ethyl ketone (usually 0.2-1..0 ml); stopper and swirl to mix. This solution is ready for gas chromatography and contains the chlorinated and petroleum ether-soluble phosphated pesticides.
Water-Soluble Organophosphorus Pesticides and Metabolites
The aqueous tobacco extract set aside after petroleum ether partitioning, cooled to about + 5° C, is extracted four times with 50 ml portions of methylene chloride in a 1. L separator. Evaporate the combined methylene chloride extracts just to dryness in a H~ bath at 35° C under a stream of clean, dry nitrogen, dissolve the residue in 2 ml acetone, add with swirling 9S m1 water, 5 g Na2S04 · 1.0 H20 and 1. g Hyflo Super Cel. Shake on a mechanical shaker for 30 minutes. Filter through a dry fluted filter into a 1.00 ml graduated cylinder, and record volume, e. g. 9S m1 (that means 9S 0 /o of the calculated sample equivalent). To the filtrate add 40 g Na2S04 · 1.0 H20, heat gently to aid solution of the sodium sulfate and cool to room temperature before tn\nsferring to a clean 250 ml separatory funnel. Minutes precipitate for about 1.5 seconds before applying suction. Transfer filtrate and washings to 250 ml separator and extract with _;o, 25, 1.5 ml portions of methylene. chloride. Combine the extracts and evaporate in· a flash evaporator to near dryness. Transfer to a small graduated tube and evaporate solvent with stream of clean, dry nitrogen. Dissolve residue in o.2o ml acetone, take this solution for TLC. Condition at 240° C for 48 hours with a nitrogen flow of about 50 ml/min, disconnect the column from the detector; nitrogen, 20 mllmin; injection port, 170° C; detector, 230° C; hydrogen, 18.0 ml/min; synthetic air, 1oo.o ml/min. Standardize system as follows: after equilibrating gas chromatographic oven at 120° C, inject into column (2) 
GLC Procedure for Chlorinated Pesticides
Standardization of equipment. Set microcoulometric system for the following conditions: inlet, 17'5 9 . C; outlet, 400° C; center, 95o-1ooo 0 t; bias,· 26o ·m V; range, 150 ohms; gain, low; oxygen flow rate, 6o ml; carrier, 450 ml; recorder chart speed, 0.5 cm/min; GLC conditions; QF-1 + OV-17; column. temperature, :195° C; helium flow, 5o-'-7ci mllmin; injection port, 2.2.0° c. 
TLC Procedure for Carbamate Pesticides
Using a 10 Jll syringe, spot aliquots of sample and standards on a 2oX2o cm TLC plate (k), to cover the range expected. Add about 1 /a inch developing solvent (l) to bottom of Chromatographic tank lined with blotting paper to saturate atmosphere. Place the plate into the tank and develop until the solvent front just reaChes a line drawn 12 cm from the origin. After development, dry the plate for about 10 min in the hood. Develop a second time to the same heighti dry again. Spray moderately with alcoholic potassium hydroxide (n); then spray moist plate with chromogenic solutions, (m, 1) and (m, 2), resp. Dry plate with warm air (hair-dryer), to develop maximum intensity of colours. The resulting colours are listed in Table 1 . 
Dark blue Bright blue
Recoveries of 8 phosphated, 7 chlorinated and 2 carbamate pesticides from tobacco are shown in Table 2 . Recovery tests were carried out on samples German field grown flue-cured tobacco, with additions equivalent to 0.5 ppm made before. blending with acetonitrile. Metasystox R, Guthion and dimethoate can be satisfactorily recovered from the wa-ter-acetonitrile layer by methylene chloride.
Results from the field treatment with 14 different pesticides in Germany 1967 are given in Table 3· Virginia SCR received two applications of eaeh pesticide at three times the normal dose rate, with an interval of one week between the two applicationsi harvesting followed one week after the last application. The determinations were made about 6 months later.
DISCUSSION
The recoveries of all pesticides tested are generally good and are considered satisfactory for a rapid "sorting-out" procedure. The cleanup developed was satisfactory for microcoulometric GLC (MCGLC) and detection with the thermionic detector (CsBrTD). This method essentially separates the petroleum ether-soluble compounds •
• from the water-soluble compounds, Metasystox R, Guthion and dimethoate. Many of the thiophosphate metabolites are water-soluble and are partitioned into the aqueous phase. No recovery studies were done on these metabolites, e. g., oxygen analogs (P = 0) of thionophosphates (P = S), whiCh should be in the methylene Chloride extract (2). But this extract was "clean" enough for GLC with the CsBrTD, and the chromatograms revealed no indication of sueh compounds. The TLC procedure for carbamate pesticides (carbaryl, Unden) is rapid, too, and the recoveries are good for a screening test. The limit of sensitivity for reliable quantitative measurements with the "150 ohm range" setting on the Dohrman C-250 microcoulometer is about 2-5 ng for the chlorinated pesticides, depending on the compounds. The detector response is essentially linear from at least these lower limits until the recorder pen goes "off-scale" (Fig. 8) . ·The limit of sensitivity for reliable quantitative measurements with the phosphorus detector (CsBrTD) is about 0.5-2.5 ng for the organophosphate pesticides, although smaller amounts can be detected. But one must take into consideration, that the CsBrTD, compared with the conventional FID, shows an enhanced response for nitrogen compounds, too (1o). Increased response for phosphorus was 12,000 fold, for nitrogen about 150 fold. With an unknown response, phosphorus can be distinguished from nitrogen by comparing the thermionic and conventional flame responses. For example, a compound with 10°/o phosphorus could not be mistaken for one with even 50°/o nitrogen. The chromatograms, Fig. 2-5 , especially of the water-soluble fractions of tobacco extracts, show a great number of peaks from compounds of unknown composition. All chromatograms show the same Characteristic sequence of peaks, like "fingerprints", with only slight differences in peak heights. The recently developed new silicone mixed phase, QF-1 + OV-17, shows great potential for pesticide analysis (11) . This packing separates a wider range of The results for the field application of :1.4 different pesticides on tobacco show that there are nil or negligible residues from 8 organophosphorus and :r. carbamate pesticides (Unden); carbaryl and thiodan are well below the legal tolerances. Only the treatment of tobacco with lindane, DOT and aldrin (soil treatment) results in residues above the limits set (Table 3) .
CONCLUSIONS
The results of this study show the following: (l.) The extraction and cleanup method originally developed for the determination of chlorinated pesti-(3) From the results of this study it is recommended that the less persistent phosphate and carbamate pesticides be used instead of chlorinated compounds.
SUMMARY
A method has been developed that permits the qualitative and quantitative determination of a number of chlorinated and phosphate insecticide compounds on tobacco. Extraction with acetonitrile, partitioning into petroleum ether, cleanup on a Florisil column are followed by gas chromatography and determination with the microcoulometric system (halogen) and the thermionic detector (phosphorus). A procedure is presented for the extraction and determination of the thiophosphates and water-soluble metabolites remaining in the acetonitrile-water layer after petroleum ether partitioning. 
